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CABSTRACT _
_ The prehmmary deslg-n of an overflow spillway at the crest of:the
“ dam and a slide-gate-controlled outlet works near the dam base was
abandoned because of undesirable flow conditions in the stilling basin
resulting from high velocity efflux from the outlet works. An‘alter-
nate design, consisting of four fixed~wheel gate-controlled outlets
near the dam crest and a small outlet works near the base, was rec-
ommended following several modifications. A 1:24 scale model .

-=was used in developing the design of the spillway and to.determine

* the ' hydraulic operating characteristics of the recommended freefall
~orifice-type spillway, ‘slide- gate controlled outlet works, and tail-
race channels of the underground powerplant. Comprehenswe data
were obtained concerning pressure distribution in the spillway con-
duits and bellmouth entrances, on the stilling basin floor, and on the
stllhng basin’'weir. Minor modifications were made to the topography
~.in the tailrace area to 1mprove flow conditions during large spillway

discharges. "The stablllty of riprap protection was determined, and
tests were méde concerning movement.of material in the stilling pool.
. Operating characteristics. of a11 fea;ures of the recommended design
. were observed. .- : - :

j_’;DESCRIPTORS-—' *arch darns/ -=~sp111ways/ «-outlet works/ *free fall/ u"’
~#model tests/ hydraulic models/ manometers/ orifices/ tailrace/ water

- pressures/ weirs/ instrumentation/ piezometers/ pressure measuring
‘equip/ discharges/ underground powerplants/ fixed wheel gates/ slide
. gates/ impact/ energy dissipation/ riprap/ research and development

" IDENTIFIERS=-~ *belimouths/ Morrow Point -Dam, Colorado/ Cureca.ntl
_'-’-Unlt Colorado/ Colorado River Storage PrOJect/ Color'ido '
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PURPOSE

-The purpose- of the model studies was to assist in developmg the
.+, design of the spillway and to determine the hydraulic operating char- .
 “acteristics of the recommended sp1llway, outlet works, and power-
N ;plant tailrace.: : _ : :

: \.‘.'__J

- SUMMARY OF RESULTS e e e

._/

,;1 The prehmmary de51gn of the outlet works, con51st1ng of two h:Lgh- R
,;_i;-head slide-gate- téontrolled’conduits nedr the bottom of the damj caused: e
", undesirable st1111ng bas1n ﬂow cond1t1ons, F1g'ures T through 10,» and L

-‘{:was abandoned R T - 2 : RS

S 25 The alternate (recommended) de51gn corisisted of four f1xed wheel o
igate- controlled spillway outlets located about:35. feet below thetop.of .
““the dam, Figure 4, ‘and a small sl1de gate controlled outlet works near-. '

the’ base of the dam, F&gure 5. : : . e

A ’I‘o lmprove the hydrauhc performance of the st1111ng basm at the
base of the dam, ‘the:two. 1n51de spillway . conduits ‘were: tlpped 27° e
downward. "The’ bellmouth entrances to-the splllwav condu1ts were re- >
v15ed to be compatlble w1th the geometry of the conou1ts SRR




6. Pressures observed on the upstream face of the weir reﬂected the
deviation from hydrostatic due to impact, Figure 32, and were used in
the structural design of the weir. Pressures on the. downstream face

- sof. the weir were steady and nearly hydrostatlc

'7 The magmtude of impact- pressures on the stllhng basin floor varied
w1th the discharge and the pattern of gate operation. The maximum - o
impact-head was about 200 feet of water for the maximum spillway dis-
charge Flg‘ure 33.

8 The dlscharge capac1ty of the sp111way was measured as 40 000 cfs
-at maximum reservoir- elevation (7165) with all four gates 100 percent
open; however, most'tests were restricted to a spillway discharge of
34,400 second-feet wh.tch is that reqmred to accommodate the inflow -

‘ ,:de51gn flood '

S 9L Portlons of. the powerplant tallrace channels and the river topography
--downstream from the weir were mcdified to improve flow conditions in

those areas, particularly for tlie maximum discharge. The topography

- in the. v1c1n1ty of the-tailrace channels was streamlined to reduce eddies.

P . The right river bank’topography was excavated to provide some relief -

from a backwater effect:-due to a constmctlon in the channel _See Flg- :
ures. 22 through 30 - : : _ -

i ',10 A ﬂoodwall on the left side of the tails: aces was’ +ested and recom— '

' ‘mended for‘use in the vicinity of the visitor!s area to provide Drotectlon

:agalnst ‘wave act10n durmg large spmlway d1scharges, Figure 31.

11, “Minor vortex action occurred in the reservoir near the splllway
.. entrances,’ partlcularly during large: dlscharges, Figure 37.. The ob-:

served vortlces pulled small amounts of air 1nto the: condults

Undeswable surglng was: noted w1th the gates w1de open and- the ) "

'._jL reserv01r 1owered to near the top of the entrances. However, :this is rad

_+ ‘not:an operating condition. . The minimum: submergence ‘measured: from
‘the: top of .the 'bellmouth: entrances, will be:about 10 feet for the 1n51de
condults and about 17 feet 1';2r the outs1de condults _-‘_ o S

Extensmn or roundmg of the corners of the vertlcal sectlon on the
pstream’ face of the dam wh1ch contams the bel]mouth entrances had no

;.would be. swept out of the basln For d1s—
aterial-would: be left to. cn'culate in the
amage ‘to; the.concrete 11n mg




' -Materlal remaining upstream from the p01nt of. 1mpact should remaln .
in an-essentially stable position, with relatively little circulation as
. ‘compared to that downstream: from the impact p01nt Test results are
___-shown in Flgures 35 and.386. - :

15, Rlprap protectlon 1mmediate1y downstream from 'theweir'was stable'-'
- with the exception of movement of a small amount- of material during the

- “maximum discharge. Tt was also noted that some material was depos1ted

BT L

_near the:downstream end of the right powerplant tailrace channel. The -
model indicated that the talus slope on the r1ght side of the river channel
.,-_m1ght be subJect to erosion damage e

i

GENERAL COMMENTS ON SPILLWAY OPERATION

i

."Several comments on operatlon of the features are llsted for con51derat1on

: Surgmg in the ta11race channels may necess1tate suspension of
B :powerplant operatlon for. splllway dlscharges at or: near the de51gn -
. dlscharge o : : : )

2. Protectlon should be prov1ded for the powerplant access tunnel to -
“‘eliminate possible ﬂoodlng durlng splllway dlscharges abhove approx- _
- _1mate1y 26 OOO efs. - 4 :

. Spray from the splllway d_lscharge may have some effect on oper-
' ‘-'=_at10n of'the sw1tchyard ‘ o : : SRS

o4l Strong wbratlons were noted in the model dur1ng 1arge splllway
o _-dlscharges SERRE : -

" “j._'fr5 Inspectlon of the st1111ng basm pool 11n1ng is de51rab1e after smll—
way operatlon because of the poss1b111ty of abrasmn damage

= To""av01d subatmospherlc pressures ‘in the condults, the splllway
gates should be opened not more: than 99 percent . :

charges through' "'ch'of the four' conduits;
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"INTRODUCTION

}'.‘Morrow Point Dam located on the Gunnison Rlver, 22 miles east of
| Montrose, Colorado, Figure 1, is one of'the key features of the
i «Curecanti Unit of the Colorado River Storage Project. The other fea-
. tures include Blue Mesa Dam, upstream from Morrow Pomt and
' 'Crystal Dam downstream from Morrow Point.

_ _Morrow Point Dam, the Bureau of Reclamatmn s f1rst double curvature
' thin-arch concrete dam, .contains the’Bureau's first orifice-type free-
fall spﬂlway, ‘and .its first underground powerplant, Figures 2 and 3.

B ';',The ‘dam varies in-thickness from 12 feet at‘the crestito 52 feet at thc

"base-and rises 465 feet above:the'foundation. It contains 360, 000 cublc
__yards:.of concrete and has a crest length of 720 feet. The reservoir ‘has -
‘a-storage- capacity of 117, 000 acre-feet, - extendlng upstream to: w1th1n R

»y one -ha]i m11e of Blue Mesa Dam.

!

The splllway 1ncludes four 15 by 15 foot openlngs controlled by flxed— .
"~wheel gates}. Flgure 4, with.a capacity of 40, 000 cubic ‘feet. per second. . .
"'The: dlscharge Jets fall: freely, approximately 400 feet to'a, stllhng basin.
t.the'base:of the' dam. - ‘The'basin, formed by a 65-foot-= h1gh weir, is
ned-with 5-foot-thick.concrete and is-about 180. feet w1de The weir - °
‘1s 3205-feet downstream from the dam a}us B PV ST LT SRR

._.The outlet works neazI ‘the base of the dam con51sts of a 4 by
4= foot ‘steel-=lined condmt controlled ‘by 3.5- by. 3.5-foot tandem : -
-.glide’, gates, Flgure 5 The outlet works dlscharges up to.. 1 '500 cfs




The preliminary design of the spillway and outlet works which provided
a basis for the first model tests, consisted of a’'free overflow spillway
- at the dam crest with a discharge capacity of 19, 500 second- -feet, and a-
~two-conduit, slide-gate-controlled, low-level outlet works with a dis-
- charge capacity of 19, 000 second-feet. The spillway discharge fell
almost vertically into the stilling pool and the outlet works discharged - -
.into the pool at an angle of 15° below horizontal. The length of the
stilling basin was 11m1ted by the location of the powerplant tailrace .
' -channels. . K :

-;Although man_,r modlflcatlons were tested the outlet works arrange—

" ment was found tobe unsatisfactory. The energy of the high-velocity

. outlet werks efflux was not effectlvely dissipated in the stiliing basin,
resultmg in excessive impact on the upstream face of the weir and

‘undesirable flow turbulence and spray at the weir. The design was

therefore:abandoned without- testmg the overflow spillway. An.alter-
native design was proposed that combined the spillway and outlet works. -
discharges into a free-falling spillway discharge through four gate-
-controlled outlets near the crest of'the dam. The hydraulic model
~studies prcwed this:design to be satlsfactory ‘In the preliminary de-

‘ 51gn the tgp Of the parapets on the dam and the maximum water: surface
were elevation 7174. The normal water surface’elevation was 71607
' In the récommended design the maximum water surface was ele- By
vatlon 7165 and the normal water surface rema;ned at’ elevatlon 716 0\‘ =

~
L




THE MODEL

The port10ns ‘of the preliminary design simulated in the orlg'mal '
1:24 model” 1nc1uded the sllde -gate-controlled outlet works, the still-

 “ing basin,  and the weir. The outlet works discharge was supplied.

. tht “ough a pressure tank connected directly to the laboratory water
. supply system. 'Only the control gates were built; the upstream -
~.guard gates were not included in the model. - The stilling basin topog-
raphy was formed with concrete: and the weir was formed w1th con-
crete screeded to sheet metal templates _ :

.Followmg abandonment of the prehmlnary deSJgn, a headbox was

included in which the. spillway conduits and a portion of the upstream

- face of the dam were installed. The spillway conduits and bellmouth.
'entrances were fabricated with sheet. metal and included piezometers .
for pressure measurement. The fixed- wheel gates controlling the

. spillway flow were simulated by slide gates with correctly: proportioned -

" gate slots. The low-level outlet works was added later, with water.
- supplied: directly from the: headbox Dlscharge through the outlet works

o _'I..‘,Lwas controlled w1th a shde gate

’ ”’:_‘PleZOmeters were. 1ncluded in the. st1]_'L1ng bas1n ﬂoor and the upstream

| face of the weir for determination of impact pressures. Final revisions:

included-improved stilling basin t0pography, the: powerplant tailrace
++ . ‘channels, -and a; pOI‘thI‘l of ‘the. 1mproved nver channel to apprommately
::Statlon 4+00 e _ _ -

L :Water was supplled to the sp111way and outlet works through a reclr—' T
- culating system'by centrifugal ;pumps. The combined: splllway and outlet® L

oo oworks: dlscharges were measured: by permanent volumetrically: ca11brated £
" venturi meters. A portable centrlt‘upal pump supplied the powerplant '

"“",_dlscharge wh1ch was measured by a: portable orifice meter '

¥ I_'The tallwater was controlled with'an ad;ustable tallgate and the tallwater -
-elevation was measured by a staff gage at'improved river- chamnel Sta-
: "_“tlon 4+25 Elevatlons were’ set’ accordlng to. the curve of F1gure 6.

tSpec1a1 1nstrumentat10n con51sted of pressure transducers whlch were

“used to? record:the variation in .unpact pressure ‘on:the. stllJlng basin ﬂoor?ﬁ-i:‘ el

“‘and'weir;face. and‘to:more closely examine the- pressuresin the spillway
conduits:and:bellmouth entrances. ‘The transducers were. connected to.a
six-channél direct-writing oscillograph. The: osullograph records: were
analyzed: with the’aid:of.a. short»electromc digital’ computer program.

"g(se.e;‘_ \p endJ.x) -,w.hlch_oonverted. o.-ﬁcﬂ raph deflectlons dtrectly to pro—'




THE INVESTIGATION

The mvestxgat:.on was initiated to determine the hydraulic charac-

teristics of the pre11m1nary design. Following abandonment of this
design, the model aided in the development of the alternate scheme
and provided information as to the operating characterlstlcs of the
recornmended de51gn- . g

The' Prehmlnary DESlg_t} L . A ok

The prehmlnary design included an outlet works and a splllway The
outlet works consisted of two 7- by. 10.5-foot conduits, located at ele-

* vation 6800 near the base of the dam and controlled by tandem high--

- head slide gates, which discharged'at an angle of 15° below hori-
zontal, The maximum outlet works design discharge was 19, 000 ‘
cfs with the reservoir at the top of the parapet, elevation.7174. At
normal reservoir elevation 7160 the outlets were designed to discharge
‘approximately 18, 600 cfs. The high-velocity jets (approximately .
130 feet per. second) discharged into a stilling besin:formed-by a 65-foot -
‘high weir located about 180 feet downstream from the slide gates. The
‘preliminary spillway was 132 feet wide with the crest at elevation 7162
.1ts dlscharge capaelty was 19,500 cfs, =% i

) The early ‘model configuration included only the outlet works and stllhng

| .basin, Figure 7A. The spillway was to be added and tested after com-
pletlon of the out1e+ works 1nvest1gat10n ' _ ) _

= Operatzon of the prehmmary design. model at the maximum dlscharge
' is shown'in Flgure 7B and'C. The high-velocity jets were not effec-

+1ve1y dlffused in the stilling basin and struck the upstream face of the ]
" weir with great: force there was: pract1ca11y no energy dlss1pat;on in

¢ ‘the'basin. The initial. tests indicated that the stilling basin was too
. short; therefore, the weir was moved: downstream approximately

. - 100:feet and the tests were:repeatéd. Flow conditions were: improved,

“but the flow. appearance and energy dissipation were still.unsatisfac- =
. tory for. the ‘maximum:discharge, Figure 8. : Even at 50 percent gate.
.- opening, the flow conditions were. undesirable. Increasmg the down- .

i ., ward tip angle of the conduits from -15° to 24° did- not 1mprove the o

.energy dJSSlpatlon or flow appearance, F1gure 9

_ A“"24 foot-w1de hOI‘lZOIlta.L bafﬂe was attached to the top of“ the upstrearn

. weir:face, Figure 10, inan ‘dttempt to improve: the energy. dissipation .

: -~ and.confine the: turbulence to the stilling basm Agaln 11tt1e 1mprove—:_f

ment was noted in: the ﬂow condltlons

These prehmmary observatlons 1nd1cated that a longer st1111ng basm
' ':-.fwas needed for adequate energy d1551pat10n However, the we1r could




“'the powerplant tailrace, and the powerplant location could not be

" modifications of the preliminary design to achieve satisfactory

“operation, such as widening or deepening the basin, were con- _

. .sidered impracticable. Therefore, the preliminary design of the - _ ’
~outlet works and the overflow splllway was abandoned and an entirely = - S

" The. Alternate De51gn

" their inverts at elevation 7123. All four condu1ts discharged hori-

not be moved farther downstream because it would interfere with

.changed because of economic and geologic considerations. - Other

new: concept was proposed.

The: alternate design. con31sted of four- 15 foot ~sguare conduits with

:zontally, The maximum design reservoir elevation was lowered to

" elevation 7165. Thus, the centers of the fixed-wheel gates control-

'ling the discharge were submerged 34.5.feet. The stilling basin

-design, including the weir, rernained the same as at the completion C o

of tests on the preliminary design. The four conduits, which will
‘hereafter be referred to as the spillway, were designed to have the

-same capacity as the combined total d1scharge ‘of the prellmlnary

- spillway and outlet works, or 38,500 cis.. In reality, the model in-
- dicated:that the spillway had a discharge capacity of: approxunately
e 40 000 cfs,” at the maximum reservoir elevation.

' ) 'F1gure 11 ‘shows dlscharge from the: splllway for symmetrlcal oper-'

tion:at: one-fourth, -one-half, three-fourths, and full maximum capac-
and the corresponding stilling basin flow conditions. The jets
rated through the pool to the floor of the. basin with'a strong

. ‘downstream velooluy along the basin floor.. 'This caused flow con-
. ditions at the weir:similar:to those observed for the prehmmary

" design, ‘but the, flow was more evenly d1str1buted across the width
’*-,.,_.’;.of the basm a.nd welr. - e D :

:' """The maximum. 1mpact pressures on- the upstream face of the: welr and -
;. «on'the: stlllmg basin .floor were measured by p1ezometers connected to :

‘open tube water. manometers L P1e20meter locatjions and contours of

-equal.pressure:are.shown in Figure. 12A; all’ pressures are: refer-

. :enced.fo'‘the p1e20meter opening.. The maximum pressure; ‘on the ﬂoor
. -was abont 120 feet of water, " occurrmg near the bottom of the left - _
"/slope:of-the :stilling basin (Piezometer ‘11) about 75 feet upstream from - -

)] AR

“the:weir. ~Pressures.on- the- upstream face of the weir varied from .
.;-'about 40:feet of water: near the: corbel: to a- maxunum of apprommately
0:feet of water. near, the center of the weir base (P1ezometer 20)z% -
,~P1ezometer coverage’ was liniited to'the left half. ot‘ the: ‘basin and_‘we1r, AR
-assumingthat the pressure distribution would' be essentially symmet-" o7
ical; about:the centerhne : Later tests 1nc1uded more-"complete coverage



" Figure 13 shows 0perat10n of the splllway with approximately one-
half the maximum discharge through either the two inside conduits

- or the two outside conduits. This operation indicated that the
‘undesirable flow conditions at the weir were due primarily to dis- -
" charge from the two inside gates. Deflecting hoods were placed on
‘the downstream side of the inside conduits to test this premise. The
hoods deflected the inside jets, causing them to sirike the stilling
‘basin water surface 75 to 100 feet upstream from the zone of impact
of the outside jets. Figure 14, when compared with Figures 11 and -
.13, :illustrates the improved st1111ng basin flow conditions. Figure 12B -
- shows the reduction’in impact pressure on the stilling basin floor and -
-weir with the deflecting hoods installed. Maximum impact pressures .
‘on the stilling basin floor were reduced from 120 feet to about 70 feet
of water, -and the maxirnum- 1mpact pressure on the weir was reduced-

from 80 feet to about B0 feet

Although the: deﬂectlng hoods resulted in satisfactory flow. condltlons,:-
their inclusion in the recommended design was impractical because
‘of structural design problems. Also, as the captions.on Figures 114
- and :14A indicate, the hoods shghtly reduced the splllway discharge

: capac1ty ' : o . o _ -

A pract1ca1 method to move the 1mpact zone of the 1n51de JetS upstream

. and make use of:a large area of the stilling basin was to tip the inside
condu1t5 downward. Computations usingthe path of . projectile equa- .
“tions showed that a tip-angle of 27° would cause the- inside jets to
-strike.the pool’in: approx1mate1v the same location.as observed with -

- ‘the-deflecting hoods. Stilling basin flow: conditions were, greatly im-"
proved with: the t1pped condults, F1gure 15, and’ were con51dered )

satlsfactory

Flgure 16 shows the magmtude of maxn:num 1mpact pressures on: the
“weir,:obtained:with electronic pressure transducers.and a.direct writing i
g [ fosc1110graph ~The pressures Andicated are; 1nstantaneous‘absolute max--

imums, and therefore ‘cannot be directly ‘compared with those of . Flg— .
.ure: 12, whlch were: recorded with 1 water manometers. A. concentratmn
of hlgher pressures was. noted under the -weir.corbel: for ‘several co:rn— -
' binations:of:gate: operatlon 'For example, at the. maxlmum splllway
i discharge: of 49,,000 cfs," Flgure 116A, a pressure of about:80 feet.of
‘water occurred. 1mmed1ate1y ‘under the, corbel near the center of the weir ; _
“'Sinceithis ‘force:near the:top.of‘the weir would significantly 1ncrease the
““over-turning. moment-of:the weir; the. ‘corbelwas removed-in/later. =

-studies ‘when' the model- ‘was:revisedto mclude the powerplant tallrace, .
;-outle Works, and 1mp ved dounstream’ ‘-rlver channel . . e




accordmg to Corps of Engineers.data.1/ With the two 1ns1de conduits
tipped downward, it became necessary to modify the bellmouth en-
trance shapes of the two inside conduits. The inside bellmouths were
modified to include an approximate ogee crest shape on the conduit
bottom, wiih the roof a combination of an elliptical curve and a reverse
~curve approximately parallelmg the downstream end of the ogee section.
- The sides remained elliptical as before. Figure 4 shows the recom-~
“mended configurations. The model was changed to include one revised
. bellmouth and the upstream face.of the dam was simulated for the two
. right.conduits, Figure 17. Sixty-eight piezometers were installed in
.~ ;the two right conduits to determine the effects of the bellmouth shapes
. _on'the pressure distribution. Piezometer locations and pressure pro-
- " files for 100 percent gate opening are shown in Figure 18. The pres-
 .sures. were obtained from water manometers, and in all cases the -
. "_pressures ‘exhibited. neghg1b1e fluctuation,

o Under maximum reservoir head Flgure 184, subatmospherlc pres-
.sures as low as approx1mate1y 6 feet of water occurred on the roof of
" ‘the horizontal conduit. Pressures on the roof were above atmosphe_r1c '
Lo from the entrance to a point.about 7 feet downstream from the entrance
- .and throughout" the conduit floor, Subatmospheric pressures.as :low as
-8 feet of water existed on the floor of the tipped conduit, between the
gate and a point-about 7 feet downstream from the entrance. Subatmos-
. _~pheric pressures as low as 5 feet of water occurred on the conduit roof
> '=_between the gate and a. p01nt about 3 feet dOWnstream from the entrance

A pressure of 9 feet of water below atmosphenc was recorded at Pie-
- /zometer-66 in the. hor1zontal conduit during one test run. . Attempts to
.repeat thlS reading showed a subatmospherlc pressure: of only 3 feet
. -of: water. The former reading was apparently caused by separation
_..of‘the flow from the.conduit roof. . It is expected that either condition”
"'-'..could exist:in the prototype. Sllght subatmospheric pressures.were
g'pbserved on the floor of the horizontal conduit downstream from the -
- gate (Piezometers 59-61); these low pressures. apparently were caused
. .by the. slight d1vergence of the . ﬂoor and- the tendency of the Jet to. sep—
'f-f-arate from the 1nvert - e .

ff:-Pressures were' also recorded w1th the reservoir: at normal elevatmn L
ito. deterrnlne the .effect.of reducem upstream. head on the pressure mag- - '
. This would not be‘a. procotype condition, since full gate. opemng
s: requlred only. at the maximum reservoir elevation: 'Figure 18B:shows -
:pressure distribution similar to that.of ‘Figure 18A, except that:the .
ubatmospher1c pressures are: not as ‘low: because'of 10wer-ve10c1t1es o




- The tests showed that Sf the, gates were closed shghtly (apprommately :
"1 percent), so that the bottom of the leaf controlled the flow, pressures
at all pomts upstream from the“gates were: above atmospherlc

,"fRewsmu of the Model to- Include Additional Details-

: Smce model data 1nd1ca.ted that the revlsed desugn would prov1de sat1s-
factory operation, it was decided to:include additional details. to more
'_accurately evaluate the hydraullc performance of the structure

" The. rec0mmended bellmouth splllway entrances were 1nsta11ed in the

‘‘head box, andthe. upstream face of the dam was correctly simulated.

- "The stllhng basin: topography was reshaped to correspond to the most.

recent field surveys. .The weir was modified to eliminate the corbel,
making the upstream face vertical, and was placed so:that the vertical
“‘face was 320 feet downstream from the dam axis. The 3.5-foot-square .
- outlet works was installed near the base of the dam. to discharge into -
' .the stilling basin. The outlet works flow was supplled from the head
box and controlled by a sl1de gate. : :

m.

- -.The powerplant ta1lrace channels and a. port1on of the 1mproved down-
. stream river channel were also included. The powerplant discharge .

~was supplied by a portable centrlfugal pump and was measured by a.

o .jportable orifice: meter

__;_Development of Detalls of the Recommended Des1gn

7 Stillin ng. basin’ topography.--—_~The rlght splllway jet struck. the topog-

‘raphy near the intersection:of the righi-bank and the pool water sur-

" " “face, 'while the left spillway Jet cleared the topography by some dis- = -
" tance. This indicated that-the model-basin layout might be in error.. - -
A careful check cf: thewmodel topography- revealed that the right bank

 “was 2'to 3:inches too near the centerline. :The:left. topography was-

PR correctly ‘simulated. except near the dam and the weir. These errors.

Chwere! cons1dered too: small to: mater1ally affect the: ﬂow condltlons
“in’ the: bas:.n There,ore the right-side of the basin was widened * ¢ .

-about’ 3 feet: (prototype) {making the right side 7 to 9 feet wider: than
‘originally representedin the. ‘model) so that the. nght jet-would'not =~ -
trike the:topography. - The top.ofithe lining was raised 10 feet: (pro— ST
otype) between the weir:and a point 140 feet: downstream from the - =
: :: ‘From -this:point, the:top of the lining sloped-downward . at
: "toward‘"the : dam untll 1ntersect1ng the or1g1nal top of: l1n1ng “The,

: g ife
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40, 000 cfs. With an outlet works dlscharge of 1, 500 cfs and a power-
. plant. dlscharge of 5, 200 cfs, the total:river. ﬂow was approxlmately
46, '?00 cfs. : .

L *Smce the actual 1nflow des1g‘n flood’ peaks at about 41,100 or-
~ 5,600 cfs’ less than the above indicated capacity, ‘it could be released
~~ as a-spillway dlscharge of 34, 400 cfs, plus 1,500 cfs through the
- ..outlet. works and 5, 200 cfs through the powerplant. Subsequent tests
‘included runs at the maximum- spillway capacity of 40,000 cfs, the _
~design discharge of 34,400 cfs, and three-fourths, one-<half, and one-
- ‘fourth of the design discharge, with the outlet works and-powerplant
operating as ‘described above. . Another possible operating condition
.. consisted of the.total design inflow discharging through the spillway -
- :and’outlet works, with.the powerplant shut down. This condition cor-
.- responds to a.spillway discharge of 39, 600 cfs (41,°100 minus 1, 500
" ‘through the: outlet- works). . This is nearly the'same as ‘the maximum
o igpillway. capac1ty and was therefore not 1nc1uded in the model test
: ,‘.'program : : : .

IImpactpressures on the st1111ng basin ﬂoor and weir., —~Ear]_1er ‘tests
. ‘indicated that the corbel on the upstream face of the weir was causing
' -a.concentration of high pressures immediately under the corbel, Fig--
" uresl6, ‘The revised weir. configuration, with the corbel removed,
- ‘."showed substantlally lower pressures near the top of the weir, Fig--
... ure: 20.y In.general, -the. pressure. 1ncreased with:an increase in depth,
e w1thout the 1solated h1gh pressures Whlch ‘were noted premously

k -'.-The 1mpact zones, of the outsuie Jets on the sti lllng basin floor were"
“clearly apparent, Flgure 21, “For the maximum spillway capacity of
40,000 ¢fs, ‘Figure 21A, the maximum- 1mpact pressure for the outside . _
jets was about 200 feet. of water:and the maximum impact.pressure for .
‘the'inside jets was about. 340 feet of water (referenced to the piezometer

: }_'openlng) "For'the maximum design discharge of 34,400 cfs, ‘Figure 21B;

" these pressures in both-areas were approximately 200 feet. The model. .
‘ _fplezometer dlstrlbutlon did:-not allow determination of the: conflguratlon O

ofithe impact:zones: :of the'inside Jets however, the patterns. should be’
sunllar to: those ‘obiserved: for the outside Jets . Pressures under the . ‘

\rlght outsuie jet were higher:than' those under the left outside Jet because
he. topography was closer to the water surface on. the rlght 51de '

€ ..,oatterns for other condltlons of svmmetrlcal and asym—f-::
operatlons are also: shown in; F1gure 21, Flgure 21E dem-~ =




“with the outside gates operating alone, Flgure 21G. These impact
pressures fluctuated at.a frequency of about 3 to 5 cycles per second
-over a maximum range of approx1mately 100 feet of water

Flow COndIthI‘lS in the powerplant ta11race —-The extreme turbu-
~lence which occurred in the stilling basin for spillway discharges
greater than approximately 26, 000 cfs resulted in large waves and
surges which were carried downstream to the powerplant tailrace,
‘as shown in Figure 19B. The topography surrounding the tailrace
.channels was subjected to sudden large impact forces because of
these flow conditions. Also, there was a drawdown in the water

/surface at the downstream end of the left bank of the left tailrace

;1 channel during operation of the powerplant alone, Figure 22A. The
tailrace topography was modified to alleviate the possibility of the
.rock being dislodged by these flow conditions and falling into the
“tailraces. The area between the tailraces was shortened and rounded
-to eliminate thin sections, Figure 22B. -The right bank of the.right
tailrace channel was shortened and rounded and the left bank of the
left-tailrace channel was - rounded F1gure 22B.

The relatlvely narrow entrance to the 1mproved channel downstream
from'the weir acted as a control section, causing high tailwater im-
mediately downstream from the weir and a drop in the water ‘surface

at the control section, Figure 23. The right channel bank, which'is
a.talus slope inithe- prototype, was excavated in an attempt to allevi-
-ate the backwater condition. Figures 24 through 27 show.flow condi-
‘tions: 1mmed1ate1_~,r downstream from the weir and in the-stilling basin.
‘The excavation resulted. in the control section being moved farther .
downstream, causing some improvement, .even though the backwater
‘condition ' was not.eliminated. The visitor's area:on the left-bank-and
“the.gate deck at:the upstream end-of the tailrace were. per1od1cal1y
1nundated dur1ng the: max1mum desngn d1=-'charge '

To 1mprove ﬂow condltlons at the we1r, the p1ers on either side-of the
~weir were:removed and the stilling basin lining -was extended down-. :
‘stream. In addition, ‘the topography at:the right downstream end of:the -
nght tailrace:channel was revised by cuttmg off the thin tapering.rock . _
section. "The mod1:f1ed basin:and tallrace are-shown'in Figure 28. Al- ..
though there ‘was no.apparent 1mprovement in the flow conditions in the L
--tailrace area, F1gure 29B, the’ st1111ng basm ﬂow condltlons were '

' shghtly 1mproved Flgure 30. = . : - :

;,,:.The topography between the ta11race channels ‘was: modlfled in.an at-
:temptito reduce:. wave actlon in'the left tailrace. channel near the" ws1tors' '
‘center parking area. 'The élevation of the topof- the topography was 1n-— ':L;,
‘i‘i_creased first: by 5: feet and. then by 10: feet... The. 5 -foot: 1ncrease was”’ o




- maximum design discharge. A 4-foot-high floodwall around the visitors'
. center was also tested, Figure 31. The floodwall protected the area
from inundation for spillway discharges below approximately 26, 000 cfs.
At 26,000 cfs, minor infrequent splashing over the wall occurred. At
a spillway discharge of about 31, 000 cfs, large waves frequently over-
~topped the wall., For discharges above 31, 000 cfs, the wall was"
ineffective. ' o ' . S

Because of the infrequency of occurrence of the design discharge, it was
- decided not to attempt additional improvements to the stilling basin and
.+ tailrace channel flow conditions. "Also, since the spillway and outlet
.. works were capable of dlschargmg the maximum design inflow, power-
plant operatlon could be suspended during high spillway ﬂows

Impact pressures (recommended des1g1_l)_ -—Impact pressures were ob- _
fained on the stilling basin floor and weir of the recommended design,
Figures 32 and 33. Pressure patterns on the floor and weir were sim-
ilar to-those shown in Figures 20 and 21 and the previous discussion
applies. -However, the magnitudes of the maximum impacts were in
~general less in the more recent data. The figure captions show that
some of the test- dlscharges were lower in the final tests. Asym-

" metrical flow conditions in the initial tests included wide oper gates,

- {Q = 20, 000 cfs) while for the recommended design the gate openings .
were limited to allow a discharge of only one-half the design discharge
(17,200 cfs). Therefore, the lower impact pressures observed in the

; f1na1 tests were probably due to'the 1ower dlscharges -

Pressure fluctiiations on the downstream face of the weir were rel-
:atlvely steady, with the largest fluctuation being approximately plus
“opyminus 2 feet of water for the maximum design discharge. The
average magnltude of the pressures -was approx1mate1y hydrostatlc,
‘i.e., due to the tallwater depth- alone .

“The frequency, distributions of the pressures at several representa-
‘tive piezometers ‘on the basin floor were determined. For .example, -
-at Piezometer 24 on the stilling bagin floor, : for one-half sp111way
. .:_de31gn dlscharge of 17, 200 cfs, Figure 33G, the absolute maximum -
“ pressure.was: approx1mate1y 110 feet of water; however, a pressure
with-one-half the maximum mdgnitude’ (55 feet of water) occurred
: -'-'about '?0 percent of the. t1me F1g'ure 34.

"Rlprap test.--The, stablhty of the protectlve r1prap on the. cha.nnel
" floor: 1mmed1ate1y downstream from the weir" was estimated by op-
S eratlng all; gates symmetrlcally for:a. representatlve time interval
. at.one-fourth, ‘one-half, three-fourths, andfull design discharge,
After .2 hours (equivalent: to: about- 10: hours prototype: operatmn) at
one- fourth the des:.gn dlscharge, very shght movement of the r1prap




was noted. No further movement was observed after 1 hour operation
at either one-half or three~fourths design discharge. After 1 hour
operation at the design discharge (34, 400 cfs), several pieces were re-
moved from the upstream left corner of the riprap layer and material
along the right side of the layer was washed toward the center of the
layer. No material was observed to move into the tailrace. The rock-
used in the model had a maximum size of 2 to 3 inches, which is repre-
sentative of the specified prototype material, with a maximum dimen-
sion of 5 feet. -

Movement of rock in the stilling basin. --The possibility exists that
- rock irom the cliffs above the stilling basin could fzll into the basin
and cause abrasive damage during operation of the spillway. A series
-of tests was made to determine movement of material in the basin for
several spillway discharges. Material of the same size used in the
riprap test was placed in the bottom of the stilling basin and sectionss
were identified with white spray paint, Figure 35A. The model was
. operated for 1 hour for each of the discharges used for the riprap
test, and for operatlon of the outlet works alone with no sp111way
dlScharge

-Independent operaticn of the outlet works caused no movement of the
‘rock material. After symmetrical operation of all gates at one-fourth
- design spillway discharge, the material remained relatively stable
except'in.the impact zone of the jets. The material was piled imme-
‘diately downstream from the impact zone, Figure 35B. Figure 35C

. shows that with one-half design discharge, material was swept agamst
the weir. Some material was swept over the weir and deposited im- -
‘mediately downstream. Three- fourths design discharge showed sim-
-ilar results with more material swept out of the basin, Figure 35D.
The design discharge resulted in essentially complete removal of all
‘material downstream from the impact zone, Figure 36A. . Figure 36B
shows a closeup of thetailrace and the amount of materlal dep051ted
downstream from the weir,. A small-amount cf material was deposited
in the right tailrace: channel "The tests indicated that material:-which
~ .falls into the: basm will circulate during operation of the spillway ‘with
‘probable: accompanymg abraswe damage to the concrete 11n1ng

:.Reserv01r flow conditions. —-Observatlons were made of flow conditions |
in the reservoir near:the spillway entrances to determine possible ad-
.verse-operating conditions. With the reservoir.water surface at'the

" maximum elevation {7165) and with all four spillway gates 100 percent

. open, discharge = 40,000 cfs, small vortices formed at.the corners of
‘the vertical. sectlon on the-upstream face of the:dam which contains the

'\ ""‘;_bellmouth entrances, Figure 37A. At: tlmes, ‘these vortices became .
...-large.enough to take small. quant1t1es of air.” Smaller vortices formed

T over. the 1n51de bellmouth entrances, taklng m1nute quantltles of, alr




Strong circulation was apparent above the outside entrances, but no
vortices formed. For 38, 600 cfs, with the gates slightly closed,.
condltmns were similar to those descrlbed above.

At a splllway discharge of approx1mate1y 27,500 cfs, with the gates
100 percent open, the reservoir water surface was immediately below

- the top of'the two inside entrances. The inside conduits flowed full

for a short period of time, increasing the discharge, and the reser-
_voir dropped so that a free water surface existed through the con-
“duits.  The lower reservoir elevation resulted in a decreased dis-

- charge and the reservoir elevation increased until the conduits again
flowed full, This cycle.was repeated and resulted in a periodic surging
with a frequency of about one surge per second. Such a condition could -
cause undesirable flow conditions-in the conduits and vibration in the

' gate mechanisms. With one inside gate closed about.25 percent, surg- "
ing was eliminated in that conduit but continued in the other inside con-
duit. By closing one ‘of the outside gates to increase the reservoir
‘elevation, surging was stopped in both inside conduits when th#& water
surface rose 2:to 3 feet (prototype) above the top of the entrances.
Similar surging was noted in the outside conduits with the water sur-
face near the top of the outside entrances, and was eliminated by a -
gate .closure of about 25 percent. The. surgmg condition:is a function

of the conduit geometry and a critical reservoir elevation and can be
eliminated by gate closure or adequate subrnergence of ‘the entrances.
According to the prototype operating criteria, the conditions described
above will'not be-allowed to occur. .The'minimum submergence .meas-
“ured from the top of the bellmouth entrances will be_about’ 10'Teet for '

+the inside. condu1ts and about 17 feet for the outs1de conduits.

) Wlth elther the two 1n51de or two outside: cOndults Operatlng alone w1th

' the gates 100 percent open and the reservoir.at-elevation 7160, vortex
‘action similar to that described for the maximum: spillway dlscharge

- was observed. ‘At three-fourths:maximum discharge, with the gates’
equally. Open and the reservoir: at elevatlon 7160, Flgure 378, the

. “vortex was somewhat. stronger-and: larger than that observed’ for the =

.maximum discharge because of the lower reservoir elevation. Vortex

: ---;'-actlon diminished with.a furthersdecrease in: discharge, until at one—'

“half maximum- d1scharge only a dlmpled water surface was observed

o "_._-above the entrances

Mod1f1catlons to the corners of the vert1ca1 face were tested in the
~model to-determine if such modlflcatlons would improve the pressure

" ‘distribution’in the. out51de bellmouth entrances. First, the:.right corner S

:ofrthe vertical. face was extended 12: feet (prototype) away from .the en- .-

| ‘trance .. No: not1ceable change occurred in the bellmouth- pressures _
- The extension was: .removed and. a 4-foot . radius’ roundlng was applied: to

'_.._-the rlght corner ‘Again, no change was: ‘noted- in'the pressure distri- - '
o ‘butiony: On the: basis of these:; observatlons .no. rnodlflcatlons were made
:.to the prototype de51gn R TR : '




Sp111wav dlscharg'e capacity. —-The dlscharge capacity of the recom-

- mended spillway was determined for various conditions of symmetrical

‘and asymmetrical operation. With all four.gates 100 percent open,

the discharge capacity was 40, 000 -cfs at reservoir elevation 7165.

- The capacity of-the two: ‘outside’conduits, 'with the inside ‘gates- closed,

‘was-20, 000 at reservoir- elevatlon 7165.  The correspondlng capamty
..-of the two inside:conduits was’ also 20,000, One: 1ns1de conduit oper-

ating alone dlscharged 10, D00 cfs:-at elevation 7165, as did.one’inside .

' gate'alone. ' Data for operation at-partial gate openings, which would

©.occur.in the range between norrnal and max1mum re.,erv01r elevatlons,

. were not obtamed ‘ :

The model gates dld not correctly sunulate the prototype gates, and 1t
was felt that such data would not be suff1c1ently accurate

Mlscellaneous observatlons —-The average elevat1on of the bacawater
‘on the. downstiream iace of the dam was found to be 6780 for the design -

_sp111way discharge, with-waves as‘high as elevation 6790. ‘For one- -
-half: design: discharge, the backwater stood at an- average elevation of -
©6770. The downstream tailwater was set for the total rwer flow
1nc1ud1ng the outlet works and powerplant dlscharges

i

Operatlon of the low level outlet _works was satlsfactory e1ther w1th or

w1thout the sp111way operatlng
The fea31b111ty of ca11brat1ng the model we1r was 1nvest1gated to de— : ‘
‘termine’ the p0551b111ty of:using the prototype weir for discharge. meas=- -
urement, With only:the:.outlet works operating, . ‘the. stll].mg basin water
“.surface was too rough | to:allow-an‘accurate elevation reading.: Also, -
-=the:two. 3-foot-gquare: openlngs .in‘the weir would not'be easlly plugged
L iUse of the prototype we1r for th1s purpose was therefore consulered
‘-.1mpract1cal ' S : c : . T

: -'Photographs of operatlons of the recommended d351gn are: shown ine
‘F1gures 38 through 44. Colored m0v1es (1nclud1ng slow motlon) were
"take for future reference L S R S




. Table 1

Metnc Equ1valents of Important Quant1t1es

Feature

’ Dam thlckness at crest i
:Dam: tmckness at base R

‘Dam he1ght above
-+ foundation '
- }-Vo1ume- of- c'oncret'e -

. :Length at. crest _
: “Reserv01r capaclty

' :;',:Reserv.mr length =~

Spillway capacity

a © -Spillway gate: size'-

- ‘Height of fall - _
. “Stilling pool: length
- "Stilling -pool w1dth
‘Weir height ]
- Lining thlckness :
-~ Outlet works. capac1ty

. Outlet works gate size
4 & Powerplant generation .

nghsh,unlts 1
12 feet - .
" 52 feet . -

465. feet

1 360, 000 cu'b1c. '

yards
720 feet -

117, 000 acre-

feet

12-miles -
:1.-40, 000 efs
* 15 feet square
400 feet R
|:320.feet
180 feet -
- 85 feet
| H'feet ..
7.1, 500 cfs )
3.5 feet square |
" 120, 000 kilo--
-2 watts L .
5, 200 efs

Metrlc um.ts _

3. 6_6‘-.meters

:15. 85 meters

141, 73 : meters -
273,600 cubic
1Imeters

210, 46 meters

14_4;, 319, 500
cubic meters
19.31 Ic::lometer.,

1,132 m®/sec
4. 57 meters square

121, 92 metnrs .
97.54 meters

1 54. BB.meters i
|- 19,81 meters’
. 1,52 meters
42,45 m Sfsec - ~
_1.07 meters square '
' "1120 000 kllo- e

‘watts -2

' .14'7 18 m3/ sec







APPENDIX

Electronlc Dlgltal Computer Pro gram ‘for Calculation of Max1mum ,
Instantaneous Impact Pressures

The subJect computer program. was written for the purpose of calcu-
lating prototype pressures from deflections on an osc1110graph re-
cordmg obtained with electronic pressure transducers. The program
; .1s short, but practical because of the large volume of data analyzed.

The program is written in the FORTRAN I (FORmula TRANslation) .
language. No special operating p_rocedu_res_are required. The pro-
. gram can be used on most digital computers. Input data consist of the
test run number and piezometer number for identification; the maximum,.
“minimum, .and average stylus deflection (in millimeters) from the os- '
_.¢illograph'record, and calibration and sensitivity data for the recording
~.instrument. A zero datum plane correction factor and the model scale
are also 1nc1uded as input. A sample data sheet is included in this

: appendlx : ' '

CA tnultiplicat'ion factor is computed from the sensitivity, calibration,
‘and model gcale. This factor is applied to the stylus deflections,

- resulting.in the prototype’ pressure heads, ‘in feet of water, which are

“adjusted to the piezometer opening for. zero datum with the zero cor-

rection factor These steps are presented:in the flow chart and pro-

gram listing. Output consists of the identifying run and piezometer

S .numbers and the maximum, minimum, and average- prototype pres~

" _ .-Isure heads -as: ahown\on the output hstlng in this Appendlx

e .':Apprommately 800- osc1110graph rec:ords were analyzed correspondmg
. to about 7,000 computatlon steps




B DEFINITION OF VARIABLES USED IN THE PROGRAM
'- SCALE " ‘Model scale
o RUN : ..: "I!estrun' .nurnber
' PIEZ e Pieaorhe_ter nurhh_er_ __
| CALIB : .'Reco'r.d'e'r at_ten'uation? at which 1.0 foot of water

" in a stylus deflection of 1¢.mm

5SENS "'3'Reoo\j.\!.der attenuatioh setting for test run-

“\

DEFMAX Maxlmum stylus deﬂectlon for test run

"3 DEFMIN .MInImum stylus deﬂectlon

et

DEFAVE Average stylus deflectlon

ZEROC | ;{_Correctlon factor to shIft zero datum to p1ezometer
S opemng :

'F'ACTOR - MultIpllcatIon factor to change stylus deﬂectlon to pro-
: S totype pressure head

: ﬁPRMAX' '.: "'Max:Lmum prototype pressure head
PRMIN 3 MImmum prototype pressure head

| .fPRAVE ‘Average prototype pressure head

arlables are defIned in the order In whlch they fIrst appear in the




 APPENDIX FIGURE 1 - B

. REPORT HYD- 557
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‘.CALCULATIDN IJF INSTANTANEDUS PRESSURES

MORRDW POINT DAM: SPILLHAY HDDEL
FORMAT {F8.0). =
FORMAT (218,6F8.0)
'3 FORMAT (I8,1X,18,6X,FB. 1.9x.Fa 1,11X,F8.1) ol
40FORMAT (1H1,72H . .RUN NO PIEZ NO HMAXIMUM PRESS MINIMUM P BB
‘IRESS .~ AVERAGE PRESS) o
'50FORMAT (1HO,75H PRESSURES ARE IN pnororvpe FEET OF WATER ueasuaen .
'1ABOVE -PIEZOMETER OPENING) 8
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‘tPRHAX=DEFHAXiFACTDR+ZERDC -
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~ PRAVE=DEFAVE#*FACTOR+ZERQC
~WRITE OUTPUT TAPE 633/RUN, PIEZ,PRHAX.PRHIN,PRAVE
60 TO 6 -
.”_ END(I 0'0 O, 0 0:1'0'0'0'010.0’010)
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FIGURE 17
REPORT HYD-557

B. 100% gate openings
Q = 19,000 cfs

P622-D-54097 [

100% gate openings
Q = 19,000 cfs

MORROW POINT DAM OUTLET WORKS
PRELIMINARY DESIGN
1:24 Scale Model

Stilling Basin Flow Conditions
Gates Tipped 15° Below Horizontal
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FIGURE 13
REPORT HYD-557
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FIGURE 15
REPORT HYD-557

Res, Elev. 7165
Gatesg open 100%
Q = 40,000 cfs

MORROW POINT DAM SPILLWAY
1:24 Scale Model

Alternate Design
Stilling Basin Flow Conditions with
Inside Conduits Tipped 27° Downward
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1 - Original configuration, All four
conduits horizontal,

2 - First modification, Original bellmouth
tipped 27° downward,

3 and 4 - Recommended configuration. No, 4
conduit horizontal with original bellmouth,
No, 3 conduit tipped 27° downward with
modified bellmouth, Upstream face of
dam installed.

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Modal

Modifications to the Spillway Entrances

FIGURE 17
REPORT HYD-557
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40, 000 cfs
1,500 cis
5,200 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Reviged Alternate Design
Stilling Basin and Tailrace Flow Conditions

FIGURE 19
REPORT HYD-557
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Before streamlining

B, After streamlining

Powerplant Discharge = 5,200 cfs

MORROW POINT DAM
SPILLWAY AND QUTLET WORKS
1:24 Scale Model

Revised Alternate Design
Tailrace Topography Before
and After Streamlining

FIGURE 22
REPORT HYD-557




FIGURE 23
REPORT HYD-557
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MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Revised Alternate Design
Flow Constriction Immediately
Downstream from Weir




MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Revised Alternate Design
Excavated Right Channel Bank
Spwy. Q =8,600 cfs, O.W. Q = 1,500 cfs,
P.P. Q =5,200cfs

FIGURE 24
REPORT HYD-557




FIGURE 25
EPCRT HYD -557

v 2
P622-D-84131

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Revised Alternate Design
Excavated Right Channel Bank
Spwy. Q = 17,200 cfs, O. W, Q = 1,500 cis,
P.P. Q = 5,200 cfs




FIGURE 28
REFORT HYD-557
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FIGURE 27
REPORT HYD -557

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Revised Alternate Design
Excavated Right Channel Bank
Spwy. @ = 34,400 cfs, O. W, Q = 1,500 cfs,
P.P. Q =5,200 cis




'P622-D-54136

Laoking upstream,

P622-D-54137 |

Looking downstream,

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Modcl

Recommended Design
Removal of Weir Piers and
Extension of Stilling Basin Lining

FIGURE 28
REPORT HYD-557




FIGURE 29
REPORT HYD -557
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MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Design
Stilling Basin Flow Conditions
with Revised Weir

Topography

FIGURE 30
REPORT HYD -557




E 31
HYD-557

e
PE22-D-54142)

P622-D-34 1 44 [ AN IEHY AREE Sy i e e :

Spwy. Q = 32,900 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS i 0
1:24 Scale Model =

Recommended Design
Flood Wall Tests
0.W. @ = 1,500 cfs
P.P, @ =5,200c{s



FIGURE 33

 MAXINUM RESEAVOIAECEVATIEN 17165)

 ALL.GATES: 100 PERGENT. QPEN -
L SPWY. Q" 20,000 ¢fs- -

g D. NORMA ESERVOIR® ELEVATION (TIGO

ALL "GATES: EQUALLY- O
N PWY. Q=17,200 vfs

MAXIMUM RESERVOIR. ELEVATION (TI65)

“ALL GATES: EQUALLY DPEN
SPWY. 0=34;400:cts

REPORT-HYD-557

G NORI‘AL HESERVDIR ELEVATION® (TIGO)
. ALL GATES EQUALLY OPEN
SFWY Q= 25; ,800 cfs S

F. NORMAL - RESE RVOIR .EL EVATION {7160}
INSIOE . GATES -OPEN, OUTSIDE GATES GLASED
SPWY.I8=17, 200 cts.




U FIGURE 33
wmm.owﬂmﬁc

=,

Upstrepm” face,

857’

B. MAKIMUM RESEAVOIN, ELEVATION (7155)
CALLTGATES EQUALLY DREN. . .
[ LSPWYQr 39,300 o5,

-G/ NCRMAL-RESTRYOIR ‘ELEVATION [TI60)
- PALL'GATES EQUALLY.OPEN -
_-TSPMY Q=-25,800 cfs.”

MEET T L)
[

LENGTH SCALE

ST NGTES.: e s
“Pressures.ore i feet ipratoty pe) of wala
%, Feferanced. ol piszometer ‘dpening "
.wav;_.i s

/"D, NORMAL ‘RESERVORR ELEVATION [7160)-

bf_.lr n)*Mm EQUALLY-OPEN
(SPWY 0217,200.e1s.

&

E. NORMAL RESERVOIR ZLEVATION :._.m.s.
. ALL BATES EQUALLY OPEN
’ SPWY G= 8,500 s ]




“Amds o
E31vy 117
SEEENE POTLIY

EJ2003°L1 0 LMAE .
K340 A17¥N0T S3LY 1TV
{0912) NOILYADTY HIOAHISIY TYRHEAEN "0

Ml aad) Lia) n 540 S2UASSAG.

sALON-

L \adALOhold )33 1 31e08 WaBNET S

Coel em mt

V4o 000'SE =0 AMdS
N30 ATIYABA.SILNS WY . ¢
AIVWHON "D

T
ox ey

Y lee1i)

643 QOP'FE 0. AMUS
N3dO ATIVAGS MMP,GG a7
NOILYAZ T3 UIOAHISIH- NOWIXTN "8




gafes' 100 percenf open. Insid e
-:-'gafes closed :




FIGURE 35
REPORT HYD-557
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P622-D-54149

After 1 hour at spillway:
Q = 34,400 cfs

B. After 1 hour at spillway
Q = 34,400 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Design
Movement of Material in
Stilling Basin
All Gates Equally Open

FIGURE 36
REPORT HYD-557




FIGURE 37
REPORT HYD-557

4. Splllway @ = 40, 000 cfs, gates 100%
open, reservoir at clevation 7165,

B. Spillway @ = 25,800 cfs,
regervoir at elevation 7180,

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Degign
Reservoir Flow Patterns




= 40, 000 cfs
1,500 cis
5,200 cfs

= 34,400 cfs
1,500 cfs
5,200 cfs

= 25,800 cfs
oW, Q 1,500 efs
PP, @ 5,200 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Medel

Recommended Design
Symmetrical Spillway Operation

FIGURE 38
REPORT HYD-557




FIGURE 39
REPORT HYD-557

17,200 cfs
1,500 cis
5,

i ouon

200 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Desipn
Symmetrical Spillway Operation




FIGURE 40.
REPORT HYD-557

A, Powerplani @ = 5,200 cfs

B. Outlet works Q = 1,500 cfs
Q =

Powerplant 5,200 cfs

MORROW POINT DAM
SPILLWAY AND QUTLET WORKS
1:24 Scale Model

Recommended Design
Powerplant Operating Alone, and
Outlet Works and Powerplant Operating




FIGURE 4i
REPORT HYD-5357

= 17,200 cfs
1, 500 cfs All photos
5!

200 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Degign
Symmetrical and Asymmetrical Spillway Operation




FIGURE 42
REPORT HYD-557

PB22-|

D-541600M

Spwy. @ = 17,200 cfs
O, W, @= 1,500cfs All photos
P.P. Q= 5,200cfs
0 MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Design
: Asymmetrical Spillway Operation




FIGURE 43
REPCRT HYD-557

8,600 cis
1,500 cfs All photos

= 5,200 cfs

MORROW POINT DAM
SPILLWAY AND OUTLET WORKS
1:24 Scale Model

Recommended Design
Agymmeirical Spillway Operation




FIGURE 44
REPORT HYD-557

S Spwy. @ = B,600cfs AL :
0.%, @ = 1,500 cis All photos P622-D-54182
E.P. Q =5,200cfs

MORRQOW POINT DAM
SPILLWAY AND QUTLET WORKS
1:24 Scale Model

Reecommended Design
Asymmetrical Spillway Operation



_ CONVERSION FACTORS~-BRTTISE 10 METRIC UNITS OF MEASUREMENT
e fallowing conwersion factors adopted Ty the Bureau ornecluuﬁtinn are those publdghed by the Amerdican Society for
Testing and Meterisls (ASTM Metric Practice Giuide, Jaouary 196€%) except that additional factors () commonly used in .

the Buresu Pave been alded, Further discussion of definiticns of quantities and undts is glven on pages 10-11 of the
ASTM Metric Practice Gulde, . - . )

‘The wetric undits and conversion factors edopted by the ASTM are based op the “Interoaticnal System of Undis® {deaignuted
5l for Systeme Interraticmal d'Unltes), fized by the Internatiomal Comxdttes for Welghts and Messures; this system is
‘also koosn as the Giorgl or MESA {meter-kllogran (mwes)-sscond-azpere) system, This syates has been sdopted by the
Interrational Organization for Standerdieation in IS0 Escommerdation B:Ji ' .

‘The meirio techrical umdt of forse is the Hilcgrea-forve; thie 1 the ture\n_\mﬂh, when applied 40 a body Paving & -
mss of 1 xg, pives it an acceleration of 9.806£5 m/sec/eec, the ptandard acceleraticn of free fall toward the earth's
septer for Eea laval at 45 deg latitude, The metric wmt of fueee in ST unita ig the newton (N), which is defined s
that force which, when applied t0 & body baving & mess of 1 kg, gives it an soceleration of 1 n/sec/sec, Thepe units:
ust be Aistinguished from the {ipocpstant) local welght of a body baving & mess of 1 kg; that is, the welght of a
body 18 thet force with widch a body is ettracted to the earth and 1s equal to tha mass of a body multiplied by the
scceleration due to graviity,  However, because it is gepernl prectice to use "pound” rather than the techoleally

correct term "pound-farce,". the term "klograa™ (or derived mess unit) bas been used in this gulde instead of "kilogram-
: foree” in exprepming the convercion factora for farcea, The newton umdt of foree wlll find increacing use, and is
“apsential in ST units.: ’ .
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“ABSTRACT

. The preliminaty design of an overflow spillway at the crest of the
.- dam’and a slide-gate-controlled outlet works near the dam base was
.- sbandoned because of undesirable flow conditions in the stilling basin

. resulting from high velocity effluz from the outlet works. An alter- .
.+, nate design, congisting of four fixed-wheel pate~controlled outlets

-near’ the dam crest-and a small outlet works near the base, was rec-
- ommended following several modifications. .A 1:24 scale model

- was used in developing the design of the spillway and to determine

" the hydraulic operating characteristics of the recommended freefall

S orifice-typ€ spillway, - slide-gate controlled outlet.works, and tail-

._'race channels of the underground powerplant. - Comprehensive data

.- .were obtained concerning preéssure distribution’in the spillway con-

-duits and bellmouth entrances; on the stilling bazin floor, and on the
;- -8tilling bagin weir.. Minor modifications were made to the topography
“in the tailrace area to improve flow conditions durlng large spillway

- discharges. ‘The stability of riprap protection was determined, and
‘tests were made concerning movement of material in the gtilling pool,

Operating characteristics of all features of the recommended design

. . were observed.

'ABSTRACT

~.-The preliminary design of an overflow gpillway at the crest of the
-/ dam and & slide-gate-controlled outlet works near the dam base was
“+:abandoned because of undesirable flow conditions in thé stilling basin -
. resulting from high velocity efflux from the outlet works. An alter-
-nate design, consisting of four fixed-wheel gate-controlled outlets
.- netr the dam crest and a‘small outlet works near the base, was rec-
.ommended following several modifications:. A 1:24 geale modal

~was used in developing the design of the spillway and to:determine

-the hydraulic opetrating characteristics of the recommended freefall
‘. orifice-type spillway, slide-gate controlled outlet works, and tail-

_: race channels of the underground powerplant. Comprehensive data
..~ were obtained concerning pressure distribution in the gplllway con- =
.. duits and bellmouth entrances,’ on the stilling bagin floor, and on the

- -stilling basin weir.. Minor modifications were made to the topography,

./ in'the tailrace area to improve flow conditions during large spillway
digcharges. The stability of riprap protection was determined, and

=5ts were made concerning movement of material in the stilling pool.

ting characteristics of all features of the recommended design

bgerved, .. o0 L ST o ) : ST

ABSTRACT
The preliminary design of an overflow spillway at the crest of the
dam and a slide-gate-controlled outlet works near the dam base was
akandoned because of undesirable flow conditions in the atilling basin
resulting from high velocity efflux from the outlet works. An alter-
nate design, consisting of four fixed-wheel gate-controlled outlets
near the dam crest and a small outlet worka near the bage, waa rec-
ommended following several modifications. A 1:24 scnle model
was used in developing the design of the spillway and to determine
the hydraulic operating characteristics of the recommended freefall
orifice-type spillway, slide-gate controlled outlet works, -and tail-
race channels of the underground powerplant, Comprehengive data
were obtained concerning pressure distribution in the splllway con-.
duits and bellmouth entrances; on the stilling basin floor, and on the
atilling basin weir— Minor modifications were made to the topography

-‘in the tailrace ared to improve flow conditions during large aplllway

discharges. The stability of riprap protection was determined, and
tests were made concerning movement of material in the stilling peol.
Operating characteristica of all features of the recommended design
were observed, :

[

ABSTRACT

The preliminary design of an overflow gpillway at the crest of the
dam and a slide-gate-controlled outlet works near the dam base wasg
abandoned because of undesirable flow conditions in the gtilling basin
regulting from high velocity efflux from the outlet works. An alter-
nate design, consisting of four fixed-wheel pate-controiled outlets
near the dam crest and a small outlet works near the base, was rec-
ommended following several modifications. A 1:24 acale model
was used in developing the design of the spillway and to determine
the hydraulic operating characteristics of the recommended freefall
orifice-type spillway, slide-pate controlled outlet works, and tail-
race channels of the underground powerplant. Comprehensive data
were obtained concerning pressure distribution in the spillway con-
duits and bellmouth entrances, or the, stillldg basin floor, and on the
stilling basin weir. Minor modifications were made to the topography
in the tailrace area to improve flow conditions during large spillway

--digcharges. The stability of riprap protection wag determined, and

tests were made concerning movement of material in the stilling pool.
Operating characteristics of all features of the recommended design
were observed. - . T . _




UTLET. WORKS, AND POWERPLANT TAILRACE--COLORADO
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